Background: Despite presence of clinical management protocols for treating severe acute malnutrition, its case fatality rate remains high in health facilities from developing countries. Objectives: To assess treatment outcomes and associated risk factors for death of children aged 6 -59 months with complicated severe acute malnutrition. Methods: A cohort of 469 children aged 6 -59 months with complicated severe acute malnutrition admitted to nutritional rehabilitation units of Mekelle City were followed retrospectively. Data on nutritional status, socio-demographic factors, admission medical conditions and management characteristics were collected. Median test, Chi-square test and Cox's proportional hazard regression were used for statistical analysis. Results: Overall case fatality rate was 12.8%. The median length of stay and median weight gain was 17 days and 12.1 g/kg/day, respectively. Two third of the deaths occurred during the first week of admission. Diarrhea (HR: 2.45, 95% CI: 1.23 -4.89), IV antibiotic (HR: 5.87, 95% CI: 1.73 -19.87), blood  transfusion (HR: 3.05, 95% CI: 1.51 -6.17) and IV infusion (HR: 2.52, 95% CI: 1.25 -5.07) were found to be associated with time to death. Conclusion: Unacceptably high case fatality rate was observed at the therapeutic feeding units of Mekelle City. Diarrhea, IV antibiotic, blood transfusion and IV infusion were the risk factors for death of severely malnourished under five children. Appropriate clinical management of severe acute malnutrition in the first week of inpatient stay with frequent monitoring for signs associated with clinical deterioration of children hospitalized with complicated SAM is most critical to the survival of the children.
Introduction
At least 19 million preschool children are affected by severe acute malnutrition (SAM) globally [1] [2] . Africa is one of the regions with the highest prevalence of SAM in preschool age children [1] . For children with SAM, the risk of death is approximately 10-fold higher compared to normally nourished children [3] . Because of the high risk of death, most severely malnourished children are managed in health facilities including hospitals [4] .
In an effort to improve the quality of hospital care for severely malnourished children and reduce case fatality rates, standardized guidelines have been developed by WHO [5] and Ethiopia [6] for SAM patients. When these guidelines are followed, it has been possible to reduce case fatality rate considerably [7] [8] . Despite hospitalization and development of standardized guidelines, recent reviews indicated that the case fatality rates for inpatient treatment of severe acute malnutrition using the WHO protocol ranged from 3.4% to 35% [9] . A likely cause of this high inpatient mortality is faulty case management [10] . A survey of 79 treatment centers has shown that practices that could have fatal consequences such as anemia treated with iron at admission were widespread [10] . Inappropriate treatment of dehydration, anemia and diarrhea were reported to cause death in children with SAM [11] [12] . Studies also showed that HIV positive children had a higher risk of death than HIV-negative children [11] [13] [14] .
No studies examined the treatment outcomes and potential risk factors of severely malnourished children from Tigray, Northern Ethiopia where there is high prevalence of stunting (51.4%) [15] . We therefore conducted a retrospective review of records of severely malnourished children from the therapeutic feeding centers (TFCs) of Mekelle City to assess the treatment outcomes, identify the risk factors for mortality and suggest potential interventions to reduce mortality of hospitalized preschool children with complicated SAM.
Methods

Sampling Sites and Methods
The study was conducted in the TFCs of Mekelle and Ayder referral hospitals from Mekelle City. Currently, the hospitals provide various services ranging from primary to specialized care and serve urban and rural populations from near and far districts. Admissions to the TFCs of Mekelle and Ayder Hospitals were on average 27 and 128 per year, respectively.
A facility based retrospective analysis of records was conducted on cohort of severely malnourished children admitted to the TFCs of Mekelle City between September 2008 and December 2011. Criteria for inclusion of the 6 -59 months old children were weight-for-height (WFH) <70% or less than minus 3 Z-score of WFH; weight-forlength (WFL) < 70% or less than minus 3 Z-score of WFL; Mid Upper Arm Circumference (MUAC) < 110 mm with length >65 cm or presence of bilateral pitting edema [6] .
Sample size estimation for the comparison of survival curves between two groups (edematous and non-edematous) under the Cox-proportional hazards model was used to calculate the sample size. Accordingly, four hundred sixty nine (469) randomly selected medical records of children aged 6 -59 months with complicated SAM were included in the study.
Data Collection and Analysis
A structured data extraction form which had been evaluated by a pediatrician was used to collect data from registration books and patient records. Patients' medical record number was obtained from the registration books so that their record could be easily retrieved from medical record unit. Four nurses who took training on the management of severe acute malnutrition filled in the data extraction form from patient records. They were also trained for half a day on how and what information they would be collecting. A supervisor was assigned to each TFC so that quality of the data was ensured.
The data were entered, cleaned, and coded in SPSS while analysis was carried out using STATA 11. Ten percent of the data were double entered and discrepancies reviewed by an independent third person. Data extraction forms were checked prior to data entry and completeness, range and logic checks were carried out regularly to ensure the quality of the data. Any data that was in complete, appear to be out of range or do not comply with the logic checks were checked together with the supervisor.
The 2006 WHO Anthro software version 3.2.2 was used to calculate weight-for-height/length Z-scores. A variable "weight-for-height/length z (WHZ/WLZ) score" was created from the admission weight and admission height. Another variable called "clinical forms of malnutrition" was created based on a combination of children's admission edema, MUAC and WHZ. Accordingly, children were classified as "Marasmic" if they had WHZ less than −3SD or MUAC less than 11 cm but not edema; "Kwashiorkor" if they had edema but their WHZ was ≥−3SD or MUAC ≥ 11 cm, or "Marasmic-Kwashiorkor" if they had both edema and WHZ < −3SD or MUAC < 11 cm [11] . Treatment outcomes of severely malnourished children were calculated and compared with the 2007 protocol for management of SAM in Ethiopia [6] . Bivariate Cox-proportional hazard regression was used to measure association of each baseline characteristics with time to death. Factors that were associated with time to death at 25 percent significance level were included in the multivariate analysis. Stepwise Cox's proportional hazard regression with likelihood ratio test was used to identify important predictor variables. Multiple imputation estimates were obtained for serostatus and hemoglobin. Statistical significance was declared if the p-value is less than 0.05.
Ethical Consideration
Ethical clearance was obtained from the ethical review committee of the College of Health Sciences (CHS) of Mekelle University. No information obtained from the medical records was disclosed to any third person. Patient identification variables such as name were not used in the study. This study did not inflict harm on or expose children to unnecessary risk as a result of reviewing their medical records.
Standard and Operational Definitions
Treatment outcome data was coded as "recovered", "died", "defaulted" or "non-responder". Recovery or nutritional cure was defined as reaching >80% of the reference median weight for height. Defaulters were those who were absent for 2 consecutive weighing (2 days). Death referred to the patient that died while he/she was in the program. Non-responder referred to patient that did not reach the discharge criteria after 40 days in the inpatient program. Length of stay referred to number of days that the patient stays in the in-patient program. Weight gain referred to increase in weight of the patient after being admitted in the in-patient program. The following formulas were used in this study [6] .
Recovery 
Results
Boys accounted 57.4% of the admitted children. About 67% of the children were below 24 months. The median age was 18 months. Marasmus accounted for 58.8% of all admissions of SAM and about 41% of the children had bilateral pitting edema ( Table 1 ). The mean weight-for-height Z-score for non-edematous severely malnourished children was −4.6.
The multiple imputation mean estimate of hemoglobin level (Hgb) was 9.7 g/dl. Half of the children with hemoglobin level measured in the first 48 hours after admission were anaemic (Hgb < 10 g/dl), 39 (8.5%) were severely anemic (Hgb < 5 g/dl) and 20 (4.4%) were very severely anemic (Hgb < 4 g/dl; Table 2 ).
The main medical complications on admissions were diarrhea (63.4%), dehydration (30.8%), intractable July 2014 | Volume 1 | e446 Table 3 ). No significant difference in median weight gain and median length of stay was observed by serostatus at p-value = 0.192 and p-value = 0.07, respectively.
The total time at risk for the cohort of severely malnourished children admitted to the TFCs of Mekelle City was 8274 days and the median time at risk was 15 days. The total number of failures (deaths) was 60, two third of the deaths occurring in the first week of admission. About 28% (17/60) died within 48 hours of admission. The overall incidence of death was 7.3 per 1000 person-days. The probability of surviving of 56 days or more for severely malnourished children was 0.78 (Figure 1) .
In the bivariate analysis of selected baseline and management characteristics, blood transfusion, intravenous fluid infusion, TFC, intravenous antibiotic administration, clinical forms of malnutrition, edema status, nasogastric tube feeding and diarrhea were all associated with time to death at 25 percent significant level ( Table 4 ). There was no significant difference in time to death by sex, dehydration status, serostatus and age (below 24 months or not) at 25 percent significant level.
Factors that were associated with time to death at 25 percent significant level in the bivariate analysis were included in the final multivariate analysis. But diarrhea, blood transfusion, intravenous fluid infusion and intravenous antibiotic administration were found to be statistically significant at 5 percent ( Table 5) .
The adjusted relative risk of fatality comparing infused and not-infused groups was 2.52 (95% CI 1.25 -5.07). Likewise, the adjusted relative risk of the fatality for diarrhea, intravenous antibiotic administration and blood transfusion were 2.45 (95% CI 1.23 -4.89), 5.87 (95% CI 1.73 -19.87), and 3.05 (95% CI 1.51 -6.17), respectively.
Discussion
The case fatality rate (12.8%) was unacceptably high when compared to the SPHERE standards that recommend less than 10% of death [16] . The median length of stay (17 days) and median weight gain (12.1 g/kg/day) of the cohort of severely malnourished children fall within the acceptable range recommended by SPHERE for inpatient management. The SPHERE standard recommends weight gain of greater than or equal to 8 g/kg/day and July 2014 | Volume 1 | e446 length of stay of less than 28 days [16] . However, the length of stay observed in this study (17 days) was more than the length of stay of 10 days reported from Zambia [11] and lower than the length of stay (21 -25 days) reported from Southern Ethiopia [8] . The median weight gain in this study was higher than the weight gain of 10 g/kg/day from Burkina Faso [17] and lower than the average weight gain of 13.4 to 14 g/kg/day for children 7 July 2014 | Volume 1 | e446
with SAM from Southern Ethiopia [8] .
The predominant (58.8%) form of malnutrition was marasmus. Despite the comparability of the ages of children, the study conducted in Zambia reported low prevalence (25%) of marasmus [11] . This could be due to the difference in causes of malnutrition across various settings. The prevalence of HIV/AIDS among severely malnourished children in this study was 11.3% and similar findings were reported from South West Ethiopia with a prevalence of 13.8% [18] . But it was found to be lower when compared to studies done in Malawi, 21.6% [19] , Zambia, 30% [11] , Uganda, 38.6% [12] and recent systematic review and meta-analysis, 29.2% [13] . This could be due to the general decreasing trend in the prevalence of HIV/AIDS in Ethiopia. Similar to other prospective cohort studies elsewhere [12] [18], we found that HIV status didn't significantly increase the case fatality rate in hospitalized children with complicated SAM. Faulty case management might have overshadowed the effect of HIV/AIDS on mortality among the severely malnourished children.
Higher case fatality rate was observed in our study. In agreement with our findings, high case fatality rates from Mulago referral and teaching hospital, Uganda, 24% [12] , urban TFCs from Burkina Faso, 16% [17] , Zambia university teaching hospital, Zambia, 30% [11] , Gonder University teaching hospital, Ethiopia, 18% [20] and 13.7% from Yirgalem hospital of Southern Ethiopia, 14% [8] were reported. On the other hand, a study conducted in Southern Nations, Nationalities, and People's Region of Ethiopia showed minimum case fatality rate (3.6%) signifying that remarkable reduction of CFR can be achieved with the current Ethiopian National Guideline for Management of SAM [6] .
Patients in this study were at risk of early death, as 28% of the deaths occurred in the first 48 hours of admission. Early deaths were probably due to the very wasted and critical condition of those children on admission, leading to failure of any treatment. Similarly, early death was also reported in 29% and 30.6% of children from studies conducted in Uganda [12] and Zambia [11] , respectively. Diarrhea and management characteristics (IV infusion, IV antibiotic, and blood transfusion) were associated with time to death. Presence of association between management characteristics and time to death could be related to inappropriate management of severe malnutrition. Schofield and Ashworth reported that faulty case-management contributes for high case fatality rate [10] . A recent prospective audit done in Kenya also showed that quality of care for children admitted with SAM at Kenyatta National referral hospital was inadequate and often didn't follow the WHO guidelines [21] . In this prospective study, only one child out of twelve who were transfused had correct volume of blood and five had hemoglobin value more than 5gm/dl. Intravenous fluids were given against the guidelines. Moreover, monitoring for over-hydration was not done and neither were volumes of fluids given properly recorded. Consequently a case fatality rate of 38% was observed in the hospital [21] signifying the need for the administration of transfusion and infusion in accordance with the treatment guidelines and with close monitoring.
In the hospitalized children with SAM, diarrhea was found to be a frequent complication resulting in adverse outcomes. Children with SAM complicated by diarrhea had a higher risk of death than those who did not have diarrhea during their hospital stay (HR: 2.45, 95% CI: 1.23 -4.89). Similar findings were reported from Kenya where diarrhea was a common complication (49%) resulting in higher mortality in children hospitalized with severe acute malnutrition [22] and children with severe malnutrition are more prone to infections than others due to the immunosuppressive effect of malnutrition and the loss of the protective mucosal barrier in the gastrointestinal tract [23] . Moreover, studies have shown that severely malnourished children are more prone to gut barrier dysfunction [24] , Escherichia coli bacteraemia [25] and higher mortality from invasive bacterial infection [26] .
The Ethiopian National Guideline for Management of Severe Acute Malnutrition recommends withholding blood transfusion unless hemoglobin level is less than 4 gm/dl [6] . On the other hand, Banchou and his colleagues reported that transfusion may be indicated if hemoglobin level is less than 5 gm/dl [12] . In this study, six children with hemoglobin level greater than 5 mg/dl were transfused, suggestive of poor management practices in the TFCs in the two hospitals from Mekelle City.
The strength of this study was that it utilized data originated from real life scenario. Hence, it would give the insight of what really was going on in the TFCs of Mekelle City. However, the study has limitations as well. Retrospective nature of the study possibly introduces bias as the quality of information obtained from these finding is highly dependent on the completeness of patient records. Weight gains in edematous SAM patients were not calculated because the weight at resolution of edema was not available. In addition, bias from the data collectors and bias due to survivors were some of the limitations of this study.
In conclusion, diarrhea was highly prevalent and had significant effect on the outcome of children with severe acute malnutrition. This calls for strengthened community-level interventions, targeted towards prevention and
